
Overturning a Few of Our Most Confirmed Notions
The Illnsion of the
Axial Rotation of

the Moon
THESE are amazing theories

brought forward by Nikola
Tesla in "The Electrical Experi-
mentcr" for February. The lirst

of them smashes #ur vencrable concep-
tion about the moon's rotation. Tesla
utjciares:
"U ts well known since the discovery of

Gaiileo that the moon, in travelling through
space, a.ways turns the same face toward
the earth. This is explained by stating
'hat while paasing once around its mother
planet the lunar globe performs just ono

zevoiution on its axis. The splnning mo¬

tion of a heavenly body must nccessarily
undergo modifications in tlie course of time,
being either retarded by resistauces
ternal or external, or acco'.erated ow ng to
shrinkage an.l other causes. An una terabl
rotation al velocity through uil phases of
planetary evolution is raanifestly im]
ble. What wonder, then, that at this very
instant of its long existence our satcllito
should rcvolve exactly so, ard not. faster
or slowor. Uut many astronomcrs have
acce»;ted as a physical fact that such rota¬
tion takes place. It does not, but only
appears so; it is an illusion, a most sur-

prising one. too.
"I will endeavOT to make this clear by

reference to Figure 1, in which K represents
the earth and M the moon. The movement

pace is such that th,e arrow,

(innly attached to the latter, always occu-

pies the position indicated with refei
to thi rth, If ono imagincs himsi If is

lopkinp down on the orbital piano am
lows the motion he will Pecome con'.': eed
that the moon does turn on its axis as it
travels around. But in this very act the
observer will have deceived himself. To
make the delusiop complete let him take
a washer similarly niarked and supporting
it rotatably in the centre, carry it around
a stationary object, constant ly keeping the
arrow pointing toward the latter. Though
to his bodily vision the disk will revolve
on its ax.s, such movement does not exist.
He can dispei the illusion at once by hold¬
ing the washer tixedly while going around.
He wi'> now readiiy see that the sup¬
posed axin! rotation is only apparent, lhe

Fig. 1
It is well known that the Moon,

M, always turns the same face to¬
ward the Earth, E, as the black
arrows indicate. The parallel rays
from the Sun illuminate the .Moon
in its succesfcive orbital positions
as the unshaded semicircleg indi¬
cate. Bearing this in mind, do you
believe that t'.e Moon rotates on its
own axis?

impression being produced by successive
ehanges of position in space.
"But more convincing proofs can be giventhat the moon does not, and cannot revolve

oa ita axis. With this object in view atten¬
tion Is called to Figure 2, in which both the
satellite, M, and earth, E, are shown im-
btdded, in a solid mass, M' (indicated by
stippling) and supposed to rotate so as -to
impart to the moon its normal translatoryvelocity. Evidently, if the lunar globe
could rotate as commonly believed, this
would be equally true of any other por¬tion of mass M1, as the sphere M', shozvn
in dotted lines, and then the part com-

mon to both bodics would have to turn
simultaneously in opposite directions. This
can bo experimentally illustrated in tbe
man icr su rgeated by using, instead of onc,
two overlapping rotatable washers, as may
be conveniently represented by circles M
" :': and carrying them around a cen¬

tre as E, ao that the plain and dotted ar-
rows are alwaya pointing toward the same
"entre. S"o further argument ia needed to
demonatrate that the two gyrations can-
ot couxist or even be pictured in the

ation am! reconciled ir. a purely ab-
stract sense.

'.The truth i3 the BO,-called ,'axial rota-
tion' of the moon is a phenomenon de-
leptive alike to the eye and mind and de-
yoid of physical nu-aning. it haa nothing
in common with real mass revolution char-

rizeel by effects positive and unmis'.uk-
able. Volumes have been written on the
subject and many erroneoua arguments ad-
vancod in uupport of tho notion. Thua, it

reaaoned that if thc planet did not turn
on ita axis it would expose the whole sur-
face to torreatrial view; aa only one-half
is visible, it mu3t revolve. Tho first state-
ment is true, but thc logic of the second ia
defective, for it admits of only one alterna-
tive. The concluaion is not justified, aa the
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2. Tesla's conception of the
rotation of lhc Moon, M, around the
Earth, E; the iUooii, in this demon¬
stration hypothesis, being consid-
ered as embedded in a solid mass,
M\ If. as commonly believed, the
Moon rotatcs, this would be equally
true for a portion of the mass, M',
and the puri common to both bod.es
would turn simukaneoutiy in "op¬
posite" directions.

same appearance can also bc produced in
another way. The moon does rotate, not
on its own, but about an axis passing
through the centre of the earth, thc true
and only one.

"The unfailing test of tho spinning of
a mass is, however, thc cxistence of energy
of motion. The moon is not possessed of
such via viva. If it were the case then a

revolving body as M1 would contain me¬
chanical energy other than that of which
we have experimental evidence. Irrcspcct-
ive of this so exact a coincidence between
tbe axial and orbital periods is, in itself,
immensely improbable, for this is not tlie
permanent condtion toward which the sys¬
tem is tending, Any axial rotation of a
mass left to itself, retarded by forces ex-
ternal or internal, must cease. Even ad-
mitting its perfect control by tides thc
coincidence would still bc miraculous. But
when we remember that most of the satc-1-
lites exhibit this peculiarity, thc probabil-
ity bccoines infinitcsimal.
"Three theories have been advanced for

thc origin of the moon. According to the
oldest, suggested by the great German phi-
losopher Kant and developed by Laplace in
his monumental treatisc 'Mccanique Celeste.'
the planets have been thrown off from
larger central masses by centrifugal force.
Nearly forty years ago Prof. George H.
Darwin in a masterful easay on tidal fric-
tion furnished mathematical proofs, decmed
unrcfutablc, that the moon had separated
from the earth. Recently this established
theory has been attacked by Prof. T. J. J.
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Hg. 8. Thia diagrarn lllustrates how, during a SOlar eclipse, the Mopn'a"Iw pa*BC» ov*r ^e Earth with ehanging velocity, and should be studledin aonnectlon with Fig. 9. The shadow moves downward with Infinite velocityn teit, then with ita true velocity through space, and finally with Infinite veloc¬ity again.

Is it possible the moon doesn't turn on its own axis? That the theory of
the lightning rod is half baked? That wireless messages don't travel tlirough
the air at all? According to Nikola Te«la, writing in "The Eleetrical Ex-
perimenter," these conditions exi*t, right here in our midst, despite our
blissfnl ijmoranee.

See in a re'marksble work on thc 'Evolu-
tion of the Stellar Systema,' in which he
propounda the view that centrifuga! force
was altogether inadequate to bring about
the separation and that al! planets, includ¬
ing thc moon, have come from the deptha
of space and have been captured. Still a
third hypothesia of unknown origin exiata
which has been examined and commented
upon by Prof. W. H. Pickering in 'Po
Aatronomy of 1907,' and according to wh ch
the moon was torn from the earth when
the latter was purtially aolidified, this ac-
counting for ihe eontinenta, which might
not have been formed otherwiae.

"Undoubt.edly planets aud satcHit.es have

originated in both ways, and, in my opinion,
it is not difficult to ascertain the character
of their birth. The following conclusions
c.an be safely drawn:

1. A heavenly body thrown off from a

larger one cannot rotate on its axis. The
mass, rendered fluid tiy the combined ac¬
tion of heat and pressure, upon the re-
duction of the latter immediately stiffena,
being at the same time deformed bj gravi-
tational pftll. The shape becomes perma¬
nent upon cooling and solidificat on and
the sinaller mass eontinues to move ab mt
the larger one as though it were rigidly
connected to it except for pendular swings
or librationa due to vurying orbital veloc-

ity. Such motion precludes the possibil¬
ity of axial rotation in the strictly physi¬
cal sense. The moon has never spun
around a.s ir well demonstrated by the
fact that the most prccise measuremeats
have failed to show any meaaurable flat-
tening in form.

2. If a piar.etary body in its orbital
movement turns the same side toward
the central mass this Is a positive proof
that it haa been separated from the lat-
tcr and ia a true satellite.

3. A planet revolving on its axis in its
paSBage around another cannot have bean
thrown off from the same, but must have
been captured.'"

ND finally tho scientist, having
settled the fate of the moon

and the lightning, turns to the
marvellous modern achievement,

the wirelefes. lie writes:

"To the popular mind this sensational
advance conveys the impression of a aingle
invention, but in rcality it is an art, the
successful practice of which involves the

employment of a great many discoveries
arid improvements. 1 viewed it as suctz

when I undertook to solve wireless prob¬
lems and it is due to this fact that my
insight into its >nderlying principles mjus
clear from their very inception.

"In the course of development of my in-
duction motors it became desirable to op-
urate them at high speeds and for this
purpose 1 constructed alternators of rela-
tively high frequencies. The .striking be-
havior of the currents .soon captivated my
attention aml in 1889 I started a systematic
investigation of Iheir properties and tlie
possibilities of practical application. 'lhe
lirst gratifying resuit of my efforts in this
direction zvas the transmission of e'ectrical
energy through one wire without return, of
which I gave demonstrations in my icretures
and addresses before several scientilic
bodies here and abroad in 18!)1 and 1S92.
During that period, while zvorking with my
oscillution transformera and dynamos of
frequencies up to 200.000 cycles per sec¬

ond, the idea gradually took hold of me

that the earth might be used in place of
the wire, thus dispensing with artiflcial
conductors altogethcr.
"Tho immensity of the g'ohe seemed an

unsqimountable obstacle, but after a pro-
longed study of the subject 1 became satis-
fied tiiat thc undertaking was rational, and
in my lectures before the Franklin ln
stitute and Nationa! Electric Light Asso
ciation early in 1893 I gave the outline of
the system 1 had coneeived. In the latter
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Fig. 7

The theory has been seriously
advanced and taught that the radio
ether wave oscillations pass around
the Earth by successive reflections,
as here shown. The efneiency of
such a reflector cannot be more
than 25 per cent; the amount of
energy recoverable in a 12,000-mile
transmission being but 115,000,-
000,000th part of one watt, with
1,000 kilowatts at the transmitter.

part of that year, at the Chicago World's
Fair, I had the good fortune of meeting
Prof. Ilelmholtz, to whom I explained my
plan, illustrating it zvith experiments. On
that occasion 1 asked the colebrated physi-
cist for an cxpression of opinion on thc
foasibility of the scheme. He stated un-

hesitatingly that it was pi-acticajble, pro¬
vided \ could perfect apparatus capable
of putting it into elfect, but this, he antici-
pated, would be extremcly dillieult to ac¬

complish.
"1 resumed the work very mueh enconr-

aged and from that date to 189G advanced
slowly but steadily, making a number of
Improvements, the chief of which zvas my
system of concatcnated tuned circuits and
method of regulation, now universally
adopted.
"Imagino the earth to bc a bag of rubber

filled zvith water, a small quantity of
which is periodically forced in and out o'

the same by means of a reciprocatln-
pnmp.If the strokeB of the
latter are effocted in intervals of more than
one hour and forty-eight minutes, sufficien!
for the transmission of tho impulse through
the whole mass, the entire bftg will expaild
and contract and corrcspnriding rnovument.-
will be Imported to pressure gaugea or

movablo pistons with the same intensity,

.ersto
irreapective of distance. By working the
pump faster, ahorter waves will be pro-
duced which, on reaching the opposite end
of the bag, may be rcflected ... -1 give rise
to stationary nodes and loops b il anj
case, tin fluid boing # incompres ible, its
inclosuro perfectly elastic, and the f
quency of oseillations not very high, the
energy will be economically trnnsmitted
and very little ; ov er consumed so lotij
no '.a ork is done in tl ¦. er X
a crude but correct reprcsentation of my
wireless systen Ln -.aaa voi re-
sorl to various refinements. Thus, for in¬
stance, the pump is made parl ot' ujus n
ant system of great Inertia, cnorraously

d Wireless!
of thc earth is approximately 12,000
miles long there will be, roughly, thir-
ty deviations. Tlie efficiency of such a

reflector cannot be more than 25 per cent,
that if none of the energy of the trans-

mitt ir were -' in other waya, the part
recovored would be measured by the frac-
tion (Vi) '". Lot the transmitter radiate
l-Iertz waves at the rate of 1.000 kilowatta.
Then about one hundred and fiftcen bill-
ion'.h part a t oi.e watt i: ail that would
'aa collected ia a perfect receiver. In
truth, tha reflections would hc much more

numerous, as shown on the left of the
figure, und owing to this and othi!r reasons,
on which it is untiecessary to dwell the

Fig 5
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A section of the earth aud its atmospheric c-nvelope drawn to scale. It is
j obvious that the Hertzian rays cannot tr.aver.se so thin a crack between two con-

ducting surfaca s for any considerable d.stance without being absorbed, says
Dr. Tesla, in discussing the ether space wave theory.

magnifying the force of thc impressed im-
puises. Thc receiving devices are simi-
larly conditioned and in this manner the
amount of energy collccted in them vastly
increased.
"The Ilertz wave system is in many re-

spects the very opposite of this. To ex-

plam it by analogy, th, piston of the pump
is assumed to vibrate to and fro at a terriflc
rate and the onlice through which the fluid
passcs in und out of the cylinder ia re¬

duced to a small hole. There is scarcely
any movement of the fluid und almost the
whole work performed results in the pro¬
duction of radiant heat, of which an in-
finitesima] part is recovered in a remote
locality. However incrcdible, it is true that
the mind8 of somo of the ablest experta
have been from the beginning, and still
are, obsessed by this monstrous idea, and so

it comes that the true wireless art, to
which 1 laid the foundation in 1S<i3,, has
been retarded in its development for twenty
years. This is the reason why the 'statics'
have proved unconqucrablc, why thc wire¬
less shares are of little value and why the
government haa been compclled to inter-
fere.
"We are living on a planct of well-nigh

inconceivable dimensions, surrounded by a

laycr of insulating air above which is a

rarclicd and conducting atmosphere (Fig.
5). This is providential, far if all thc air
were conducting the transmission of elec-i
trical energy through the natural media
would be impossible. My early experi-
ments have shown that currents of high
frequency ^nd great tenaion readily pass
through an atmosphere but modcrately
rarefied, so that the insulating stratum is
reduced to a small thickness as will be evi¬
dent by inspection of Fig. G, in which a

part of the earth and its gascous envelope
is shown to scalc. If the radius o;' the spherc
is 12 V4", then thc non-conducting layer
is only 1/64" t'nick, and it will be obvious
that the Hertzian rays cannot traver
thin a crack between two conducting sur-
faces for any considerable distance, with¬
out being absorbod.
"The theory has been seriously ad-

vanced that these radiatior.s pass around
'he globe, by succcsaivo rcflections, but to
show the absurdity of this suggestion ref-
.rence is made to Fig. 7 in which this
process is diagrammatically indichted As-
.niming that there is no refraction, the
rays, aa shown on tho right, would travel
dong the sides of a polygon drawn around
tho solid, and inscribed into the conducting

eous boundary, in whicli case the
oiigth oT the side would be about .100
miles. As one-half thu circumfercnce

amount recovered would be a vanishing
quantity.
"Consider nozv the process taking place

in the transmission by the instrumentali-
ties and methods of my invention. For this
purpose attention ia called to Fig. 8, which
gives an idea of tho mode of propagation
of tlze current waves and is largely seif-
explanatory. The drawing represents a
solar eelipse with the shadow of the moon

just touching the surface of the earth at a

point where the transmitter is located. As
the shadow moves downward it will spread
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Fig. 9. JHEORY.

and
u n 11
will

tho earth's surface. first with infinite
then gradually diminishing velocity
at rz distance of about 6,000 miles it
attain its true speed in space. From

there on it zviil proceed with increasing
velocity, reaching infinite value at the op-
posite point of the globe. It hardly need
be sta'ed that this is merely an illustration
and not nn nccurato representation in the
astronomicnl sense.

"The cxact lazv zviil bo readily understood
by reference to Fig. 9, in which a transmit-
ting oircuit is shown connected to earth and
to an antenna. The transmitter being in
action, tzvo effects are produced: Ilertz
waves pass through the air, and a current

The Fallacy ofFranklin's
Pointed Lightning

Rod
TESLA next addresses himself

to the lightning rod, and com-

ments as follows:
"The display of aimospherie electricity

has since ag s been one of the most mar-

vellous spectacles afforded ta tlze sight of
man. Its gnindeur and power filled him
with fear and superstition. For centuries
he attributed lightning to agents godike
and supernatural and its purpose in the
scheme of this universe remained unkn iwn
to him. Now zve have learned that the
waters of the ocean are raised by the sun

and maintained in the atmosphere deli-
cately suspended and that they are wafted
to distant regions of the globe, wher
trie forces a^sert themselves in up-- tting the
sensitive balance aml causlng precipitation,
thus sustaining all organic life. There is
every reason to hope that man zviil soon

be able to control this life-giving flow of
water and thereby solve many pressing
problems of his e.xistence.
"Atmospheric electricity became of spe¬

cial scientific interest in Franklin's time.
Faraday had not yet announced his epochal
diseoveries in magnetic induction but static
frictional machines zvere already generally
used in physical laboratories. Franklin's
powerful mind at once leaped to the con-

clusion that frictional and atmos] heric elec¬
tricity were identical. To our presenl view
this inference appears obvious, but in his
time the mere thought of it zvas little
short of blasphemy. He investigated the
phenomena and argued that if they were

of the same nature then tlze clouds could
be drained of their charge exactly as the
ball of a static machine, and in 1749 he
indicated in a published memoir how this
could be done by the use of pointed metal
roda.
"The earliest trials were made by Dal-

brand in France, but Franklin himself was
the first to obtain a spark by using a kite,
in June, 1752. When these atmospheric dis¬
charges manifest themselves to-day in our
wireless station we feel annoyed and wish
that they would s.or>, 1 ut to tlze man who
discovered them they brought tears of joy.
"The lightning conductor in its classical

form was invented by Bonjamin Franklin i'n
1755 and immediately upon its adoption
proved a success to a degree. As u-ual,
however, its virtues wer* often exagger¬
ated. So, for instance, it was seriously
claimed that in th" city of Pietermaritz-
burg icapitai of Natal, South Africa) no

lightning strokes occurred after the pomt-
ed rods were installed, although the storms
zvere as frequent a^ before. Experience
iias shown that just the opposite is true.
A modern city like Xew York, presenting in-
numt'iuble snarp ponits and projections in
good contact wilh the earth, is struck much
more often than an equivalent area of land.
Statistical records, carefully compiled and
published from time to time, demonstrate
that the danger from lightning to property
nnd life has been reduced to a, small per¬
centage by Franklin's invention, but the
image by fire amounts, nevertheless, to
¦-.' a! million dollars annually. It is as-

tonishing that this device, which has been
in universal use for more than one cen¬

tury and a half, should be found to in-
voive a gross fallacy in design and con-
struction which impairs its usefulness and
may even render its employment hazardous
under certain conditions.

"All points or projections on the surface
of a conductor of such vast dimensions as

the earth would be quite ineffective were
it not for other influenccs. These will be
eluc.dated with reference to Figure 4, in
which our artist of the Impressionist school
has emphasized Franklin's notion that his
rod was drawing electricity from the clouds.
If the earth were not surrounded by ,»n

atmosphere which is generally oppositely
charged it would behavo, despitc all ita
irregulanties of surface, like a polished
sphcre. But owing to the e'.ectrified masses
of air and cioud the distribution is greatly

w

Fig. 4. Tesla explains the fal-
lacy of the Franklin pointed light-
ning rod, here illustrated, nnd shows
that usually such a rod could not
draw off the electricity in a single
cioud in many years. The density
of the dots indicates the intensity
of the charges.

modified. Thus in Figure 4 the positiva
charge of the cioud inducoa in the earth
an equivalent opposite charge, the density
at the surface of the latter diminishing
with the cube of the distance from the
static centre of tho cioud. A brush dis¬
charge i3 then formed at the point of the
rod and the aetion Franklin anticipated
takes place. ln addit.ion, the surrounding
air is ionized anu rendered conducting and,
eventual y, a boit may hit the building or
some other object in the vicinity. The vlr-
tue of the pointed end to dissipate the
chargo, which was uppermost in Franklin's
mind, is, however, infinitesimal. Careful
meaaureraenta show that it would take many
years before the electricity atored in a
single cioud of modurate size would be
drawn off or neutralized through euch a
lightning conductor. The grounded rod has
the qua ity of rendering harmless most of
the strokes it roceives, though occasiona ly
the charge is diverted with damuging re¬
sults. But, what ia very important to note,
it invites danger and hazard on account
of the fallacy mvolved in its design. Tho
sharp point which was thought advantage-
ous and indisjiensable to its operation ia
really a deiect detracting considerably from
the practical vaiue of the device. I have
produced a much improved form of light¬
ning protector characterized by the em¬

ployment of a terminal of considerablo
area und large radius of curvature which
makes impossible undue density of tho
charge and ionization of the air. Theso
protectors act as quasi-repellents and so
far have never been struck though ex-

posed a long time. Their safety is expori-
mentally demonstrated to greatly execed
that invented by Franklin. By their use

property worth millions of dollars which
is now annually lost can be saved."

Aeronautics:AQuestion About
Its Future

i
HAT Is to become of aeronau¬
tics after the war? This prob¬
lem is discussed in "Le Petit
Journal" of Paris by Jacques

Mortane.
Considering the enormous progress

aviation has made during and on ac¬
count of the war, he says, only one an¬
swer to the above question is possible.
Regular aerial lines of communicaton
will be established throughout the world.
And these lines will serve not only pas¬
senger traffic and the mails, but they will
be used in increasing proportions for
long-distance freight transportation.
The establishment of regular commer¬

cial air routes, however, has to be ac-

companied by the working out of an
international code of air navigation.
For one thing, how will the air be

mapped out between the different na¬
tions? Shall each country have not only
its own aerial fleet and stations, but also
its own exclusive lines? Is it possible
at all to establish a rigid system of right

traverses the earth. The former propagate
zvith the speed of light and their energy
unrecoverable in the circuit. The lattei
proceeds with the speed varying as th-
cosecant of the ansf.e zvhich a radius drawn
from any point under consideration forms
with the axis of symmetry of the waves.
At the origin the speed is infinite but grad¬
ually diminishca until a quadrant is
traversed, when the velocity is that of light.
From there on it again increases, becoming
infinite at the antipole. Theoretically the
energy of this current is recoverable in its
entirety, in properly attuned receivers.
"Some experts. whom I have credited with

better knowledge, have for years contended
that my proposals to transmit power with¬
out zvires are sheer nonsense, but I note
that they nro growing more cautious every

of way in the air? How far will tha
jurisdiction of a cc-untry apply to lines
internationally used?
But there are other no less compli-

cated problems. What qualifications
will be demanded from commercial
pilots? Will a pilot's certificate issued
in one country, be accepted as valid in
another? This question involves the
safety not only of aerial shipping itself,
but also that of the population above
whose heads the shipping passes.

Will there be a standardization of
machines? This is art important ques¬
tion, as it pertains to the safety of traffic
and to the facilities of relaying and re-
pairs.
What about aerial customs regula¬

tions and policing?
It is comparatively little known that

as early as 1<>10 an international con¬
ference was held in Paris to consider
some of the above outlined questions.
Difficulties of a military character, how¬
ever. prevented reaching an agreement.

lay. The latest objection to my system is
ound in the cheapness of gasolene. Theae
acn labor under the impression that the
nergy flows in all directions and that,nerefore, only a minute amount can be re-

covered in any individual receiver. But
this is far from being so. The power is
conveyed in only one direction, from the
tranamitter to the receiver, and none of it
is lost elsewhere. It is perfectly practicable
to recover at any point of the globe energyenough for driving an airplane. or a pleas-
ure boat or for lighting a dwelling. I am
especially sanguine in regard to the lightingof isdated, places and believe that a mor«
economical and convenient method can
hardly be devised. The future will showwhether my foresight is as accurate now
as it has proved heretofore."


